Abstract. Epiphytes are a common component of neotropical forests, but their importance to birds at the community level and their role in contributing to tropical bird diversity has only rarely been considered. Literature accounts from 5 5 studies document 193 species of neotropical birds that take nectar, fruits, invertebrates, water, and nesting materials from epiphytes. To quantify the amounts and types of resources provided by epiphytes compared to host trees, we watched birds in 14 forest and pasture sites (1,350-1,420 m) for 2 months in a lower montane landscape of Costa Rica. During our 289 hr of observations from within the canopy and on the ground, 33 of 56 bird species observed in foraging visits foraged in resources provided by epiphytes. Epiphyte resources were involved in 32% of all foraging visits. For eight bird species, 40% or more of all foraging visits involved epiphyte use, which included foraging for fruits, nectar, invertebrates, water, and nesting materials. Six types of bird foraging behaviors in six types of epiphytes are described and compared to bird use of tree resources. Some birds appeared to specialize on particular epiphyte resources such as invertebrates in crown humus. The frequent epiphyte use by a large number of bird species indicates that epiphytes constitute a resource that has generally been overlooked in past bird community studies. We discuss two ways that epiphytes may contribute to high tropical bird species diversity.
INTRODUCTION
Studies of relationships between tropical forest birds and plants have focused almost exclusively on resources provided by trees and understory shrubs. Epiphytes, plants that derive support but not nutrients from their host trees, are a conspicuous component of many tropical and wet temperate forests. They occupy the same physical location as their host trees and produce a diverse array of fruits, nectar, and foliage (Benzing 1987, Gentry and Dodson 1987). Epiphyte biomass varies greatly among forest types; it is largest in neotropical cloud forests, where the live and dead standing crop can exceed 4,800 kg/ha, equivalent to 40% of the total tree, shrub, and understory foliar biomass (Nadkami 1984). Many tank and rosette epiphytes impound and store water, leaf litter, and dissolved and particulate minerals, which support populations of invertebrates and vertebrates (Picado 1911 This study is a first step in assessing the overall importance of epiphytes to birds in the tropics. We summarize scattered literature accounts of epiphyte use by birds with respect to bird species, resource types, and epiphyte groups involved. We then present results of a field study that focused on bird and epiphyte interactions in trees of primary forests and pastures in Monteverde, Costa Rica, to ask the following questions: (1) What species of birds are associated with epiphyte use? (2) What is the frequency of bird visits and foraging behavior associated with resources created by epiphytes compared to those of host trees? (3) Which epiphyte groups and epiphyte resources are used by the bird community? (4) Do any birds appear to specialize on particular resources provided by epiphytes or on particular epiphyte groups? (5) What are community-level implications of bird exploitation of epiphyte resources?
LITERATURE REVIEW OF EPIPHYTE USE BY BIRDS
We searched the literature for any references concerning neotropical bird use of epiphytes (except for field identification guides, which almost exclusively describe foraging behaviors anecdotally). We reviewed 55 papers that fell into four categories: (1) frugivory in neotropical birds, (2) hummingbird pollination, (3) bird life-histories, and (4) mistletoe dispersal (Appendix 1). This compilation is useful in identifying general trends and documenting the diversity of birds that use epiphytes. The extent to which this summary can be generalized to a community level is limited, however, as it reflects the purposes and geographical locations of studies not specifically designed to assess the importance of epiphytes to birds.
A total of 193 species of birds in 125 genera and 25 families has been cited as using epiphytes (Appendix 1 and 1,420 m in elevation and within 2 km of each other. These sites represent the range of habitats in the area: (a) three sites in primary lower montane forest, (b) five sites in "relict tree pastures" (pastures partially cut, leaving some primary forest trees), and (c) six sites in "scrub tree pastures" (pastures cut completely, with a similar density of second-growth tree species colonizing the pastures). Differences in bird use of epiphytes in the three habitats will be described elsewhere (Nadkami and Matelson, unpubl.)
Epiphytes of the Monteverde community are described in Nadkami (1986). The taxonomy and distribution of epiphytes are in general only poorly known, and no quantitative assessment of epiphyte abundance in particular habitats or on individual trees in Monteverde are currently available. We categorized the diverse community of epiphytes into six groups: (1) woody shrubsmainly species of Cavendishia, Gonocalyx, Dys- (2) tank bromeliads-species of Tillandsia, Guzmania, and Vriesia (Bromeliaceae); (3) herbaceous epiphytes-species of the Orchidaceae, Begoniaceae, Gesneriaceae, Araceae, Cactaceae, Peperomia (Piperaceae), and ferns; (4) mistletoes (Loranthaceae) (although they are not true epiphytes, they are included as they provide canopy resources distinct from host trees); (5) dead organic matter, lichens, mosses, and other cryptogams which make up interwoven mossroot-humus mats of "crown humus" (Jenik 1973); and (6) other epiphytes-unknown vascular and nonvascular plants (Fig. 1) . In general, forest and relict pasture tree-crowns supported large amounts of cryptogams and dead organic matter, woody shrubs, and herbs; epiphyte communities in scrub pastures were dominated by xerophytic shrubs and herbs, mistletoes, and tank bromeliads (pers. observ.).
METHODS OF OBSERVATIONS
Observations of bird activities were carried out daily from 1 July to 28 August 1985 by three In pasture sites, a single observer on the ground had an unobstructed view of the entire arena. We recorded the number of birds that alighted on trees in our sites, and noted whether they perched, vocalized, or foraged. In this paper, we discuss only those visits that involved foraging activities of birds in trees or epiphytes. The "visit," our unit of epiphyte or host tree use, was defined as an individual bird exhibiting any of the foraging behaviors (following Remsen and Robinson, unpubl.) listed below for more than 2 sec. For each visit, we noted bird species, whether it used a host tree or an epiphyte (and, for the latter, epiphyte group used), and foraging behaviors: (1) collecting or consuming fruit, (2) probing flowers or hovering at extrafloral nectaries for nectar, water, or invertebrates, (3) gleaning foliage for invertebrates, (4) probing moss mats and crown humus for invertebrates or water, (5) probing bromeliad tanks for invertebrates or water, and (6) general searching behavior that resulted in no immediate use or removal of material. The latter category was somewhat subjective, but we distinguished general searching behavior from other uses if there was no bill contact with the substrate. General searching was distinguished from mere perching if birds exhibited behaviors that we recognized as preceding a collecting or feeding event such as hovering, hopping near, or closely observing fruit, flowers, extrafloral nectaries, or bark crevices. Bird nomenclature generally follows Meyer de Schauensee (1970) and the AOU check-list (1983).
RESULTS
Seventy-one species of birds visited our sites during the study period. Of the 56 bird species that foraged in our sites, 33 species (59%) used epiphytic resources. We are confident that our observations encompassed the true composition of the bird community during the study period, because we observed 37 of the total 56 species by the end of the first 30 days of the study, and only four additional species were recorded between day 40 and the end of the 60-day study.
We recorded a total of 3,473 visits (perching, vocalizing, and foraging), of which 1,935 (56%) involved foraging behavior. Overall, 620 (32%) of these foraging visits involved epiphyte use.
The proportion of epiphyte visits relative to host tree visits varied with bird species (Table 2) . Bird species that used epiphyte resources most frequently were hummingbirds, tanagers, and flycatchers. Birds which were seen in our sites and which did not use epiphytes are listed in Appendix 2.
The foraging behaviors associated with epiphytic resources differed from behaviors associated with host tree resources (Fig. 2) . Thirty percent of the epiphyte visits involved specialized epiphyte foraging behaviors (probing in moss mats and probing bromeliads for water or invertebrates) that have no host tree counterpart. For the four other foraging categories, the proportions differed significantly, using contingency table analysis (x2 = 70.7, df = 3, P < 0.001); proportionately, birds foraged more frequently on epiphyte flowers than on host tree flowers. A greater proportion of foraging visits was spent in general searching (no immediate food acquisition) in host trees than in epiphytes.
The most commonly used epiphyte type was woody shrubs, and the least common was herbaceous epiphytes (Fig. 3) . Of the birds that used epiphytes frequently (Table 2 ) some appeared to forage preferentially in particular epiphyte types. We used contingency table analysis to test whether the relative proportions of epiphyte types used by each of these species differed from the proportions used by all species combined. (We subtracted the visits of the species in question from the total). Five species differed significantly (P < 0.01) from the bird community as a whole in the relative proportions of epiphyte groups used (Fig. 3) . The White-throated Mountain-gem used flowers of ericaceous shrubs significantly more frequently than expected; the Ochraceous Wren and Common Bush-Tanager foraged in dead organic matter and mosses more frequently, and the Golden-browed Chlorophonia and Olive-striped Flycatcher fed on mistletoes more frequently than expected.
Because our field season spanned only 2 months, we cannot ascertain if any birds specialized on epiphytes over host tree resources during the entire year. However, two species of birds exhibited almost exclusive use of a single epiphyte type during the study: the Variable Mountain-gem used woody shrubs, and the Ochraceous Wren foraged in dead organic matter for over 90% of their epiphyte visits. These two bird species had the highest proportion of epi-phyte visits of all bird species (97% and 89% of all foraging visits, respectively, Table 2 ).
Seven species of birds appeared to specialize on particular types of epiphytes; i.e., even if they did not use epiphytes as the major part of their total resource use, over 90% of their epiphyte visits involved particular epiphyte types (Table  3A) . Five other species were considered epiphyte generalists, using at least four of the five epiphyte types, with no more than 40% in any one category (Table 3B) .
Specialization at a fine spatial scale occurred for one genus of epiphyte, which was used in a variety of ways by six bird species. In one of our forest sites, a woody epiphytic shrub, Norantea sp., (Marcgraviaceae) covered approximately 5 m of a horizontal Dussia sp. (Leguminoseae) tree branch (diameter = 25-30 cm) 23 m above the forest floor. We estimated that the shrub held between 300 and 350 fruits that ripened throughout our study period, turning from light green to red in color. We observed six species of birds using the shrub: Slate-throated Redstarts gleaned its foliage; Silver-throated Tanagers and Emerald Toucanets fed upon its fruits; Stripe-tailed Hummingbirds and Variable Mountain-gems visited extrafloral nectaries; and Prong-billed Barbets gleaned branches.
DISCUSSION
Our literature search and field observations summarize what is currently known about the use of epiphytes by tropical birds. Patterns described for the larger geographical areas encompassed in the literature were consistent with results from the montane landscape ofMonteverde. A diverse assemblage of birds use epiphyte-derived resources when foraging for nutrients, energy, water, and nesting materials.
If the proportion of foraging visits to a resource is a general indicator of its importance to birds, our results suggest that the total resource pool available to birds in tropical forests is underestimated if epiphyte resources are discounted or only qualitatively described. One-third of all visits that we classified as foraging involved resources created by epiphytes. The actual resources obtained from epiphytes may be even greater compared to those obtained from host trees, because a larger proportion of tree visits were "general searching," a behavior that resulted in no immediate reward. However, since the chance of prey acquisition by such behaviors as probing into moss mats and bromeliad tanks is unknown, the size of this underestimation cannot be quantified with these data.
This potential underestimation of total resources available and used by birds has only infrequently been considered in discussions of the latitudinal gradient of bird diversity. The greater diversity of birds in tropical vs. temperate forests has been attributed to various aspects of habitat diversity and resource availability ( An abundant epiphyte community contributes both to the vertical structural diversity of forest vegetation and to the amounts and types of food and energy resources available to animals. We suggest two mechanisms by which epiphytes might maintain or enhance bird species diversity at the community level: (1) epiphytes swell the canopy resource pool by producing additional resources that are "auxiliary" to those created by host trees, and which may enhance opportunities for resource specialization, and (2) phenological differences between epiphytes and their hosts make some epiphyte resources available to birds at a different time of the year than those provided by host trees. Appendix 1) . Forty-four bird species forage for invertebrates in crown humus contained in neotropical forest trees (Appendix 1).
Structurally and taxonomically diverse habitats also provide greater opportunities for resource subdivision and therefore greater bird diversity in many habitats (Orians 1969 , MacArthur 1970 , Cody 1974 , Karr 1975 on the invertebrates in suspended dead leaf clusters of South American forests. They proposed that this resource, which occurs on a year-round basis almost exclusively in tropical forests, enhances both the resource base of the forest and the potential for specialization, which would increase species diversity. The pool of epiphyte resources and the degree of preferential use we describe for a Costa Rican landscape may function in the same way.
MECHANISM 2: TEMPORAL PARTITIONING OF RESOURCES
Many tropical forests are subject to major seasonal fluctuations in production of food resources, and some fiugivores switch to other "keystone plant resources" such as flowers, foliage, and sap when fruits are rare (Terborgh 1986, Terborgh and Stern 1987) . Although these foods may be of poor nutritional quality, they are important to the fmgivore community, because they tide the animals over an otherwise unfavorable time of year. Although few quantitative data on epiphyte phenology at the community level exist, some epiphytes differ in phenology compared to host trees (Croat 1975 , Feinsinger et al. 1987 ). During our field study period, only seven of the 44 trees in our three forest interior sites were in fruit or flower. However, many of the woody epiphytic shrubs (including the Norantea described above) were in flower or fruit and were used for 40% of all foraging visits (Fig. 3) .
The volume and biomass of epiphytes, then, may be far smaller than host trees, but the timing of their resources may differ in crucial ways. We propose two temporal effects that could maintain or enhance bird species diversity in forests with well-developed epiphyte communities. First, epiphytic resources may function as supplements during "lean times" of trees and understory plants, producing flowers, fruits, and leaves continuously (or asynchronously) throughout the year. Second, certain epiphytes such as mosses, bromeliad tanks, and canopy humus may provide microhabitats for invertebrates, which appear to be less seasonal than habitats provided by the canopy tree alone.
Epiphytic communities occur in a wide range of tropical forests and in some temperate forests (Nadkarni 1985, Gentry and Dodson 1987) and vary among forest types with respect to species richness, structure, and other community characteristics. In which forest types might we expect epiphytes to have a strong influence on bird community ecology? The epiphytes in temperate rain forests that are comparable in biomass to the epiphytes of tropical montane forests (Nadkarni 1985) consist exclusively of nonvascular and lower vascular plants, and thus do not provide the rich flower and fruit resources used frequently by frugivorous and nectarivorous birds. We could find no data on insectivorous bird use of invertebrates living in canopy humus of temperate wet forests.
Epiphytes are found in nearly all tropical forests, but their composition and biomass varies greatly among habitats. The most striking distributional pattern of epiphytes is a dramatic decrease in the number of epiphyte species and individuals in dry habitats (Gentry and Dodson 1987). Even in the driest habitats, however, orchids, cacti, bromeliads, and ferns can be found and may provide important arboreal resources, especially when their deciduous host trees are leafless. Lowland wet tropical forests are extremely rich in terms of epiphyte diversity, and are dominated by hemi-epiphytes, aroids, bromeliads, and woody shrubs. However, they tend to lack the contiguous moss mats of montane forests that foster accumulations of dead organic matter (Gentry and Dodson 1987). In contrast,
